Introduction: The aim was to study the association between 25-hydroxyvitamin D (25(OH)D) levels and the clinical characteristics of patients with chronic inflammatory rheumatic diseases (CIRD). Methods: We studied a cross-section from the baseline visit of the CARMA project (CARdiovascular in rheuMAtology), a 10-year prospective study evaluating the risk of cardiovascular events in rheumatoid arthritis (RA), ankylosing spondylitis (AS) and psoriatic arthritis (PsA) patients, and non-CIRD patients who attended rheumatology outpatient clinics from 67 hospitals in Spain. Non-CIRD group was frequency matched by age with the joint distribution of the three CIRD groups included in the study. 
Introduction
Vitamin D has raised great interest in recent decades due to its multiple physiological functions, a including significant role in the regulation of the immune system [1] [2] [3] [4] [5] [6] [7] . Vitamin D deficiency is an extremely common health problem that affects up to 50 % of the general population during winter months in the Northern hemisphere [8] . Several studies have pointed out a potential association between vitamin D deficiency and cancer, some chronic infections, cardiovascular mortality and increased risk of some autoimmune diseases [8] [9] [10] [11] [12] [13] , such as type I diabetes mellitus [10] , multiple sclerosis [10] , systemic lupus erythematosus (SLE) [9, 11, 12] and rheumatoid arthritis (RA) [9, 13] . In this regard, some authors have reported an inverse relationship between serum levels of 25-hydroxyvitamin D (25(OH)D) and disease activity or functional impairment in patients with RA or early arthritis [14] [15] [16] [17] [18] [19] [20] [21] . In a recent study, vitamin D deficiency was found in 30 % of RA patients [8] . Most studies assessing serum 25(OH)D levels in patients with chronic inflammatory rheumatic diseases (CIRD) were focused on patients with RA [9, [13] [14] [15] [17] [18] [19] [20] . However, fewer studies have analyzed the presence of 25(OH)D deficiency in other CIRD such as ankylosing spondylitis (AS) or psoriatic arthritis (PsA) [21] [22] [23] [24] .
The aim of this study was to assess 25(OH)D levels in a cohort of Spanish patients with CIRD that included patients with RA, AS, PsA and non-CIRD, who were attending rheumatology outpatient clinics, and to determine the potential relationship between 25(OH)D levels and clinical characteristics of every disease included in the group of patients with CIRD.
Methods

Study design
Cross-sectional analysis from the baseline visit of the project, CARdiovascular in rheuMAtology (CARMA), a 10-year prospective cohort study designed to determine the cardiovascular mortality risk in patients with CIRD compared to a cohort of patients without inflammatory pathological disease [25] . Information on this cohort has recently been reported. The institutional review board of each center approved the study and all patients signed an informed consent agreement.
Patients and controls
Based on the information from the Spanish Society of Rheumatology (SER), all the Spanish public hospitals (university and general community hospitals) that have rheumatology units were invited to take part in the present study. Finally, 67 (63.2 %) of the 106 centers agreed to participate in the study. They recruited 2,986 patients who attended rheumatology outpatient clinics from July 2010 to January 2012. Seventy-five patients declined the invitation. Therefore, 2,911 patients over 18 years old were included in the study. They were split into two different cohorts according to CIRD exposition. The CIRD patients consisted of 775 patients diagnosed with RA (1987 American College of Rheumatology (ACR) classification criteria) [26] , 738 diagnosed with AS (modified New York criteria) [27] and 721 patients with PsA (Moll and Wright criteria) [28] . The control (non-CIRD) group included 677 patients without inflammatory rheumatic disease. The non-CIRD group was frequency-matched by age with the joint distribution of the three CIRD groups. Therefore, its distribution approximates the joint age distribution of the three CIRD. To see the list of participating centers, we advise readers to see the Acknowledgements section.
Variables and operative definitions
Both cohorts were evaluated following international protocols including standardized definitions and validated questionnaires. All patients included were continuously and systematically evaluated online and, to verify the quality of the information, an in situ monitoring data assessment was performed in 15 % of patients randomly selected.
The primary endpoint was the presence of 25(OH)D deficiency defined as 25(OH)D levels below 20 ng/ml. The variable sunshine hours per month and province (geographical area in which the hospital is located) was established considering the hours of sunlight in the period of time between 60 and 90 days prior to the visit of inclusion of each patient. For this purpose we used the information published by the Spanish Meteorological Agency (SMA) [29] . When information on sunshine hours of the month and year was not available, we used the mean value of sunshine hours of the last 5 years in which information on sunshine hours in the same period of time and site was available. The 25(OH)D analysis was locally performed according to the methodology and reproducibility level of each institution.
Other variables analyzed were: (1) obesity (BMI ≥30, kg/m 2 ) and main physical activity during working hours (low activity: sitting most of the time; moderate activity: standing most of the time and with little movement or effort; intense activity: walking most of the time or performing tasks that require high physical activity); (2) disease characteristics and parameters of disease activity: rheumatoid factor (RF), anti-cyclic citrullinated peptide antibodies (ACPA), HLA-B27 positivity, erythrocyte sedimentation rate (ESR) (mm/1 st h), ultra-sensitive C-reactive protein (CRP) (mg/l), disease activity score including 28 jointserythrocyte sedimentation rate (DAS28-ESR), health assessment questionnaire (HAQ (0-3)), Bath ankylosing spondylitis disease activity index (BASDAI (0-10)) and Bath ankylosing spondylitis functional index (BASFI (0-10)); (3) sociodemographic variables, and (4) other factors: disease severity, duration of the disease and therapies administered including calcium and vitamin D supplementation.
Statistical analysis
Numerical variables with a normal distribution were expressed as mean and standard deviation. Variables not normally distributed were shown as median and interquartile range (IQR, percentile (p)25 − p75). Absolute and relative frequencies of qualitative variables were calculated. We performed analysis of the main demographic and clinical variables stratified by type of disease. Stratified analysis of 25(OH)D deficiency (<20 ng/ml) was performed for each group of patients according to sociodemographic characteristics and clinical factors, using the Student t test or the Mann-Whitney U test. Qualitative variables were assessed using the Chi-square test, Yates correction, or Fisher test using 2 × 2 tables.
To study the association between 25(OH)D deficiency and CIRD, logistic regression models were constructed by calculating the odds ratios (OR) with 95 % CI and adjusting for potential confounding factors. In this regard, an adjusted model for sunshine hours was performed. It was carried out considering for this purpose the period of time between 60 and 90 days prior to the baseline visit blood test, which included assessment of 25(OH)D levels. To reduce variability in the methods of measurement of 25(OH)D from each participating hospital, the mixed logistic regression models were constructed with robust variance estimators using the hospital as cluster variable estimation. The same procedure was carried out to identify specific features of each disease. The selection of independent variables in the multivariate models was based on clinical judgment and those with a p-value <0.20 in the bivariate analysis. In all models of logistic regression, the independent variables were adjusted for the other variables in the model.
Data management and statistical analysis were centralized at the Research Unit of the SER following a pre-established analysis plan. All the analyses were performed using the SPSS 21.0 statistical program. Statistical significance was assumed at p <0.05.
Results
Sociodemographic and clinical characteristics
Demographic and clinical characteristics of patients included in this study are summarized in Table 1 . There was a predominance of women in the group with RA, whereas most AS patients were men. Sex distribution was similar in the group with PsA. The mean age in patients with RA was higher than in patients with other CIRD. Although patients with AS were younger, the duration of disease was longer than in the other groups. The frequency of obesity was higher among PsA patients, whereas it was lower among controls, despite being the group that included more sedentary individuals (p <0.001). Smoking history was more commonly observed in those with AS.
It is worth noting that a great majority of patients with CIRD included in the study had low disease activity at time of recruitment. In this regard, CRP and ESR levels in RA, AS and PsA patients were remarkably low at the time of inclusion in the study, as well as the functionality scores (HAQ and BASFI, respectively).
Individuals without CIRD (controls) had the following rheumatic diseases: osteoarthritis (30 %), osteoporosis (15.2 %), soft tissue disorders (18.8 %) and other noninflammatory diseases (36 %). The distribution at recruitment of individuals with CIRD per hospital was uniform throughout the year 2011, whereas the recruitment of patients without CIRD occurred mainly between October and November 2011 (Additional file 1: Table S1 ).
25(OH)D levels and CIRD
Patients with CIRD had lower 25(OH)D levels than those from the non-CIRD controls ( Table 1 ). The median (p25 − p75) 25(OH)D levels were: 20.4 (14.4 − 29. 2)] ng/ml in RA, 20.9 (13.1 − 29.00 ng/ml in AS, 20.0 (14.0 − 28.8) ng/ml in PsA and 24.8 (18.4 − 32.6) ng/ml in non-CIRD individuals. Globally, 25(OH)D deficiency was detected in 40.5 % of patients with RA, 39.7 % of patients with AS, 40.9 % of patients with PsA and 26.7 % of individuals with non-CIRD (p <0.001). The median of sunshine hours in the group of non-CIRD controls was higher than in the three groups of patients with CIRD (Table 2) .
Among the variables related to activity and severity of inflammatory diseases, ACPA-positive RA patients had a higher frequency of 25(OH)D deficiency (66.9 %). It was also the case for AS, with higher values of BASDAI and BASFI in 25(OH)D-deficient patients (p <0.05 in both cases) ( Table 2 ).
Multivariate analysis
Multivariate analysis (Table 3) When the parameters of disease activity, severity or functional impairment were assessed, a marginally significant association between 25(OH)D deficiency and ACPApositivity in RA patients (adj. OR = 1.45; 95 % CI = 0.99, 2.12; p = 0.056), and between 25(OH)D deficiency and BASFI in AS patients (adj. OR = 1.08; 95 % CI = 0.99, 1.17; p = 0.07) was also found (Table 3) .
Discussion
Our results show that Spanish patients with RA attending rheumatology outpatient clinics have 25(OH)D deficiency. This baseline result is from a cohort of patients that has been followed prospectively to determine the cardiovascular outcome. To establish comparisons, we also assessed baseline 25(OH)D levels in non-CIRD controls attending the same rheumatology outpatient clinics [25] .
Vitamin D plays an important role in the immune regulation [2] . Vitamin D deficiency has been observed in some autoimmune diseases, in particular in SLE [11, 12, 30] and RA [8, 20] . However, information related to undifferentiated spondyloarthropathies and AS is limited [21, 22, 31] . It is also the case for PsA [24] .
In our series, the frequency of 25(OH)D deficiency (level <20 ng/ml) was higher in patients with RA than in the individuals from the non-CIRD control group. The present study raises several points of potential interest. First, the CARMA cohort constitutes the largest series of comparisons of 25(OH)D levels in three well-established CIRD. In addition, a cohort of individuals without CIRD was used for comparison. Second, we assessed patients who were periodically followed at rheumatology outpatient clinics. Nevertheless, it is important to emphasize that baseline levels of 25(OH)D in the control population CRP (mg/l), median (p25 − p75) 3.1 (1.2-8.0) 3.6 (1.6-8.9) 2.9 (1.4-6.1) 1.9 (1.3-3. 3) th percentile, RF rheumatoid factor, ACPA anti-cyclic citrullinated peptide antibodies, DAS28-ESR, disease activity score using 28 joints-erythrocyte sedimentation rate, HAQ (0-3): health assessment questionnaire, ESR erythrocyte sedimentation rate, CRP C-reactive protein, BASDAI (0-10) Bath ankylosing spondylitis disease activity index, BASFI (0-10) Bath ankylosing spondylitis functional index, HLA-B27 histocompatibility antigen HLA-B27, RA rheumatoid arthritis th percentile, ESR erythrocyte sedimentation rate, CRP C-reactive protein, RF rheumatoid factor, ACPA anti-cyclic citrullinated peptide antibodies, DAS28-ESR, disease activity score using 28 joints-erythrocyte sedimentation rate, HAQ (0-3): health assessment questionnaire, HLA-B27 histocompatibility antigen HLA-B27, BASDAI (0-10) Bath ankylosing spondylitis disease activity index, BASFI (0-10) Bath ankylosing spondylitis functional index, DMARD disease-modifying anti-rheumatic drugs 74 (0.50, 1.11) 0.144 0.81 (0.53, 1.22) 0.84 (0.56, 1.26) were also low, due to the inclusion in this population of a high percentage of subjects with osteoarthritis and/or osteoporosis, who are also likely to have low baseline 25 (OH)D levels. Nowadays it is not clear whether vitamin D deficiency is the cause or effect of the inflammatory process. In this regard, in a model of acute phase response after surgery, plasma concentrations of 25(OH)D were found to decrease after elective knee arthroplasty [32] . Furthermore, several studies have found an inverse association between 25(OH)D levels and activity parameters of some CIRD, such as DAS28, swollen joints and HAQ in RA and BASFI and BASDAI in AS [17, 19, 21] . Although the results from our study do not fully support all these findings, in the multivariate analysis a marginally statistically significant association between 25(OH)D deficiency and ACPA in RA and BASFI in AS was found. It is worth noting that our patients with CIRD had decreased 25(OH)D levels despite the fact that a great majority had low activity at the time of inclusion. Patients with CIRD have less mobility and life outdoors, which would also contribute negatively to maintain adequate levels of vitamin D. Therefore, 25(OH)D deficiency in these patients may be explained by a dual mechanism. On the one hand, chronic diseases can predispose to 25(OH)D deficiency directly by decreasing synthesis or increasing vitamin D catabolism, and on the other hand, indirectly lowering sunlight exposure in phases of reduced mobility and ability to spend time outdoors in patients with worse functional status.
We feel that our results may be considered of potential interest in daily clinical practice, as our population encompassed individuals periodically followed at rheumatology outpatient clinics, many of whom are controlled under biological treatment.
Although a recent umbrella review of systematic reviews and meta-analyses of observational studies and randomized trials did not demonstrate that supplementation of vitamin D improves the health of the general population [33] , we believe it is important to monitor and supplement vitamin D to patients with CIRD and vitamin D deficiency, regardless of whether the deficiency of vitamin D may or may not have a pathogenic role, or whether it is merely an epiphenomenon associated with inflammatory disease.
Our study has some limitations. First, a potential limitation of the study was that the non-CIRD subjects were not completely healthy, as a high percentage of individuals included had osteoarthritis, osteoporosis and/or other musculoskeletal diseases, which by themselves are associated with some risk of 25(OH)D deficiency. Another limitation of this study may be that the control group had more sunshine hours because many controls were recruited in the months of October and November, and several studies indicate that the level of 25(OH)D is the result of sun exposure in a period of time between 60 to 90 days prior to the 25(OH)D assessment [34] , which in our study corresponded with the months of July and August. With respect to the variability of the vitamin D measurement among all participating centers, we performed a mixed model of logistic regression to reduce the variability in the method of assessment of 25(OH)D levels.
Finally, another limitation is the possible ecological fallacy that we may be committing to impute the average hours of sunshine from one province to every individual. As the CARMA study was designed to determine the causality of cardiovascular mortality in patients with CIRD, information on the length of time during which individual patients were exposed to sunshine was not collected. Therefore, and because sun exposure is a key factor in the blood levels of vitamin D, and patients were not recruited in the same period of the year and in the same geographical area of the country, we decided to collect aggregate information on sunshine hours provided by the SMA as an adjustment variable in the multivariate model.
Conclusions
In summary, patients with RA followed at rheumatology outpatient clinics have high risk of 25(OH)D deficiency, in spite of presenting low-to-moderate disease activity due to tight control of the disease. In consequence, we believe that we must monitor the levels of vitamin D at baseline and during follow up, and supplement vitamin D if any deficiency is detected.
Additional file
Additional file 1: Table S1 . Distribution of the patients and controls according to the geographic area (region) and the month of the year of inclusion in the study. 
Competing interests
The authors declare that they have no competing interests.
Authors' contributions AUA, MAMM and SC carried out the data analysis and drafted the manuscript. CSP helped interpret the data and improve the manuscript. CGJ helped develop the study protocol and the manuscript, and also assisted in data interpretation. JL helped design the study protocol, interpret the data, strengthen the manuscript and also performed the statistical analysis. FDG helped interpret the data and strengthen the manuscript. MAGG helped design and developed the CARMA project, assisted in data interpretation, and was responsible for the final draft of the manuscript. All authors read and approved the final manuscript.
Received: 11 January 2015 Accepted: 2 July 2015
